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DESCRIPTION 



Image Pick-Up Apparatus and Image Pick-Up Method 
Technical Field 

The present invention relates to an image pick-iip apparams using a 
solid-state image pick-up device, and more particularly to an image pick-iip 
apparatus and an image pick-^ip method which are adapted for picking up an image 
of an object at high sensitivity. 

This Application claims priority Japanese Patent Application No. 
2003-155677, filed on May 30, 2003, the entirety of which is incorporated by 
reference herein. 

Background Art 

Hitherto, there are used image pick-up apparatuses using CCD (Charge 
Coupled Device) type image pick-up device as solid-state image pick-up device. 
The image pick-up apparatuses of this kind are adapted to control read-out timings 
of charges stored (accumulated) in the CCD image pick-^p device to thereby 
increase charge storage time of charges stored in the CCD image pickup device to 
perform long time exposure thus to have ability to pick up an image of an object at 
high density. 

For a time period during which charges are being stored into the CCD type 
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image picknip device for the purpose of performing long time exposure, it is 
impossible to read out charges from the CCD type image picknip device. 
Accordingly, images temporarily stored in a memory are outputted for charge 
storage time period of the CCD type image pick-up device to perform 
complementary processing of such image. 

Techniques as described below are proposed in regard to complementary 
processing of image for long time exposure period. 

First, in the Japanese Patent Application Laid Open No. 1997-168118 
publication, there is proposed a technique of reading out charges on one field basis 
from the CCD type image pick-up device to store images of one field (one even 
field or one odd field) into a memory (field memory), and to read out images of one 
field from the memory for a long time exposure period to perform complementary 
processing of such image. 

Moreover, in the Japanese Patent Application Laid Open No. 1997-252423 
publication, there is proposed a technique of reading out charges on one frame basis 
by the so^alled frame read-out operation from the CCD type image picknap device 
to store images of one frame into a memory (frame memory) to read out images of 
odd field from the memory at a timing where image of odd field is outputted for a 
long time exposure period to perform complementary processing of such image, 
and to read out images of even field from the memory at a timing where image of 
even field is read out during such time period to perform complementary 
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processing of such image. 

In the technique described in the Japanese Patent Application Laid Open 
No. 1997-168118 pubhcation, images of even field or odd field are stored into a 
field memory to read out the images of even field or odd field stored in the field 
memory at the time of long time exposure to perform complementary processing 
thereof. Accordingly, in the case where this technique is applied to equipments 
based on the existing television standard in which interlaced scanning is performed, 
there is the problem that since the same images would be outputted both at even 
field and at odd field as image at the time of long time exposure, vertical resolution 
is halved so that this technique is not practically useful with respect to moving 
images. 

In addition, at both the techniques described in the Japanese Patent 
Application Laid Open No. 1997-168118 publication and the Japanese Patent 
Application Laid Open No. 1997-252423 publication, since it is necessary for 
picking up image of object at a high sensitivity to elongate charge storage time of 
the CCD type image pick-up device, there would result image having large 
movement or vibration with respect to moving object. Even if focusing adjustment 
is made, or adjustment of brightness is performed in order to eliminate such 
movement or vibration, time lag with respect to adjustment takes place because 
complementary processing is performed by stored images. Thus, adjustment 
becomes very difficult. As a result, it is impossible to acquire an image having 
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picture quality such that user expects even if sensitivity is raised. 

Disclosure of the Invention 

An object of the present invention is to provide a novel image pickup., 
apparatus and a novel image pickup method which can solve problems that prior 
arts have. 

Another object of the present invention is to provide an image pick-iip 
apparatus and an image pickup method in which in the case where image of high 
picture quality is required, an image of an object is picked up at an output 
sensitivity that user requests without lowering picture quality, while in the case 
where high output sensitivity is required, an image of an object is picked up at an 
output sensitivity that user requests in the state where lowering of picture quality is 
held down to a minimum value. 

The image pickup apparatus according to the present invention comprises: 
a solid-state image pickup device for performing photoelectric conversion in 
accordance with a received image pick-^p light; switching means for performing 
switching between first mode serving as image pick-^p mode where charges stored 
in the solid-state image pick-up device are read out every n (n is natural number) 
frames to output a CCD (Charge Coupled Device) output signal and second mode 
serving as image pick-^p mode where charges stored in the solid-state image 
pickup device are read out every m (m is natural number) fields to add odd charges 
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and even charges which are adjacent in a vertical direction of the charges which 
have been read out while changing the combination thereof every m fields to output 
a CCD (Charge Coupled Device) output signal; and control means for controlling 
the switching means in such a manner to switch the image pick-up mode of the 
image picknip apparatus into the first mode in accordance with image pick-^p 
request at a low output sensitivity, and to switch the image pickup mode of the 
image pick-up apparatus into the second mode in accordance with image pick-^p 
request at a high output sensitivity. 

In addition, the image pickup method according to the present invention 
comprises: performing photoelectric conversion by a solid-state image pick-up 
device in accordance with a received image pickup light; performing switching 
into first mode serving as image pick-iip mode where charges stored in the 
solid-state image pick-^p device are read out every n (n is natural number) frames 
in accordance with image picknip request at a low output sensitivity to output a 
CCD (Charge Coupled Device) output signal; and performing switching into 
second mode serving as image picknip mode where charges stored in the solid-state 
image pick-up device are read out every m (m is natural number) fields in 
accordance with image pickup request at a high output sensitivity to add odd 
charges and even charges which are adjacent in a vertical direction of the charges 
which have been read out while changing the combination thereof every m fields to 
output a CCD (Charge Coupled Device) output signal, thus to perform image 
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pick-iip operation. 

Still further objects of the present invention and practical merits obtained 
by the present invention will become more apparent from the description of the 
embodiments which will be given below with reference to the attached drawings. 

Brief Description of the Drawings 

FIG. 1 is a block diagram showing the configuration of an image pickup 
apparatus according to the present invention. 

FIG. 2 is a view showing one example of the relationship between first 
mode and second mode which are switched in accordance with gain quantity. 

FIG. 3 is a view showing one example of the relationship between first 
mode and second mode which are switched in accordance with charge storage time. 

FIG. 4 is a view showing one example of the relationship between first 
mode and second mode which are switched in accordance with gain quantity and 
charge storage time. 

FIGS. 5 A to 51 are timing charts for explaining the operation of the image 
pick-^p apparatus in reading out stored charges in the first mode in the case of long 
time storage mode. 

FIG. 6 is a view showing the state of the image pick-up apparatus in the 
case where read-out mask signal is at Low time period. 

FIG. 7 is a view showing the state of the image pick-up apparatus in the 
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case where read-out mask signal is at High time period. 

FIGS. 8 A to 81 are timing charts for explaining the operation of the image 
pick-up apparatus in reading out stored charges in the second mode in the case of 
the long time storage mode. 

Best Mode for Carrying Out the Invention 

An image pick-^p apparatus and an image pick-iip method according to the 
present invention will now be described in detail with reference to the attached 
drawings. 

First, image picknip apparatus 20 according to the present invention will be 
explained with reference to FIG. 1. 

The image pickup apparatus 20 according to the present invention 
comprises, as shown in FIG. 1, a CCD type image pick-up device 1, a CDS 2 
composed of CDSs (Correlated Double Sampling circuits) 2a, 2b, 2c, a gain 
variable amplifier 3, an A/D (Analog to Digital) converter 4, a bus switch 5 
composed of bus switch elements 5a, 5b, 5c, a frame memory 6, an image signal 
processing block 7, a user interface 8, a CPU (Central Processing Unit) 9, a timing 
generating circuit (timing generator) 10, and a switch 11. 

The CCD type image pickup device 1 is a three CCD type image pickup 
device comprising three CCDs la, lb, Ic. Although not shown, at the preceding 
stage of the CCD type image pick-iip device 1, there is provided dichroic prism 
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adapted for allowing rays of incident light incident from image pick-up lens (not 
shown) to be transmitted therethrough or reflected thereon to perform color 
separation. R (Red) light rays, G (green) light rays and B (Blue) light rays having 
different wavelength regions which have been color-separated by the dichroic 
prism are respectively incident on the respective CCDs la, lb, Ic. 

The CCDs la, lb, Ic are adapted so that plural pixels each comprised of 
photo-electric converting element such as photo-diode, etc. are two-dimensionally 
arranged, and serve to perform photo-electric conversion of rays of incident light 
on pixel basis by the photo-electric converting elements to store charges 
corresponding to light quantities. Moreover, the CCDs la, lb, Ic perform vertical 
transfer of stored charges, and further perform horizontal transfer thereof to thereby 
output charges every one line of the two-dimensional array. The charges which 
have been outputted from the CCDs la, lb, Ic are respectively delivered to CDSs 
2a, 2b, 2c as CCD output signals. 

The charges which have been stored in the CCDs la, lb, Ic are read out by 
frame read-out operation or field read-out operation. 

The frame readout operation is a technique of reading out charges which 
have been stored for one frame time period, i.e., 1/30 sec. in the two-dimensionally 
arranged photo-diodes of the CCDs la, lb, Ic. In the frame read-out operation, 
charges which have been stored at alternative pixels of odd number (odd lines) are 
read out in a vertical direction of the two-dimensionally arranged photo-diodes as 
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CCD output signals corresponding to video signals of odd field, and charges which 
have been stored at the remaining pixels of even number (even lines) are read out 
as CCD output signals corresponding to video signals of even field. 

On the other hand, the field read-out operation is a technique of reading out 
charges which have been stored for one field time period, i.e., 1/60 sec. in the 
two-dimensionally arranged photo-diodes of the CCDs la, lb, Ic. In the field 
read-out operation, charges which have been read out from pixels of odd lines and 
pixels of even lines which are adjacent of the two-dimensionally arranged 
photo-diodes and have been added are caused to be CCD output signals 
corresponding to video signals of odd field, and charges which have been read out 
from pixels of odd lines and pixels of even lines which are adjacent and have been 
added while changing the combination thereof are caused to be CCD output signals 
corresponding to video signals of even field. 

In the frame read-out operation, since charges of respective pixels are 
independently read out, vertical resolution is advantageously high to a little degree 
as compared to the field read-out operation in which added charges of two pixels 
are outputted. In addition, in the frame read-out operation, since storage time of 
charges stored at respective pixels takes a value of the order of 1/30 sec. which is 
twice greater than 1/60 sec. of the charge storage time in the filed read-out 
operation, when object is moved, or the image pickup apparatus 20 is panned, 
there is the problem that picture quality is deteriorated by the so-called frame 
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afterimage, which is phenomenon in which previous image is left so that it appears 
as after-image. 

On the contrary, in the field readout operation, since read-out interval of 
charges stored at respective pixels, i.e., charge storage time is 1/60 sec. which is a 
value 1/2 times greater than that of the frame read-out operation, there results less 
frame after-image. For this reason, there is the merit that moving resolution is 
excellent as compared to that of the frame read-out operation. In addition, in the 
field read-out operation, since added charges of two pixels are outputted, vertical 
resolution is inferior as compared to the frame read-out operation at the time of 
long time exposure. However, since double charges are read out in the same charge 
storage time, image of high sensitivity can be advantageously obtained. 

In the following description, the mode where charges are read out by frame 
read-out operation from the CCDs la, lb, Ic is called the first mode, and the mode 
where charges are read out by the field read-out operation is called the second 
mode. 

At the CCDs la, lb, Ic in which stored (accumulated) charges are read out 
by the frame read-out operation or the field read-out operation in this way, it is 
possible to perform long time exposure in which each storage time of charges 
caused to be stored into two-dimensionally arranged photo-diodes is caused to be 
value which is multiple of natural number of the shortest storage time in respective 
read-out modes. 
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Namely, in the frame read-out operation which is the first mode, storage 
time of charges caused to be stored into photo-diodes can be set to 1/30 sec. x n (n 
is natural number). In the field read-out operation which is the second mode, 
storage time of charges can be similarly set to 1/60 sec. x m (m is natural number). 

When long time exposure is performed, it becomes possible to pick up, at a 
higher picture quality, an image of an object having less movement under the 
condition where light quantity is small, and/or to pick up, at a higher sensitivity, an 
image of object which could not be primarily picked up because of shortage of light 
quantity. However, when long time exposure is performed with respect to an object 
having large movement, after-image would take place so that picture quality is 
deteriorated. 

In the case where long time exposure is performed by the image pick-up 
apparatus 20 according to the present invention, whether charges are read out by 
the frame read-out operation which is the first mode or charges are raed out by the 
field read-out operation which is the second mode in accordance with exposure 
time designated (instructed) from user is determined by the CPU 9. Thus, read-out 
control operations of charges corresponding to respective modes are executed by 
the timing generating circuit 10. 

The CDSs 2a, 2b, 2c remove noises included in CCD output signals 
outputted from the CCDs la, lb, Ic to generate video signals. The video signals 
from which noises have been removed at the CDSs 2a, 2b, 2c are delivered to the 
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gain variable amplifier 3. 

The gain variable amplifier 3 adjusts gains of the video signals w^hich have 
been delivered fi-om the CDSs 2a, 2b, 2c in accordance with request firom user 
inputted through user interface 8 which will be described later. For example, in the 
case where an object has sufficient brightness, user makes a request for lowering 
(decreasing) gain in order to acquire image of high picture quality having less noise, 
and in the case where brightness of an object is insufficient, user makes a request 
for increasing gain in such a manner that picking up of an image of the object is 
caused to be preferential although noises become many. 

The video signals which have been gain-adjusted at the gain variable 
amplifier 3 are delivered to the A/D converter 4. 

The A/D converter 4 serves to convert analog video signals which have 
been delivered from the gain variable amplifier 3 into digital video signals. The 
A/D converter 4 outputs the digital video signals thus converted to the bus switch 5. 

The bus switch 5 serves to turn the switch elements ON or OFF in 
accordance with control by the timing generating circuit 10 to control output to the 
firame memory 6 and the image signal processing block 7 of the digital video signal 
delivered from the A/D converter 4. 

When long time exposure is performed at the CCDs la, lb, Ic, the bus 
switch 5 is controlled during charge storage time period so that it is turned OFF 
because charges are not read out from the respective CCDs la, lb, Ic, and is 
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controlled so that it is turned ON when charge storage time is completed. When the 
bus switch 5 is turned ON, digital video signal outputted from the A/D converter 4 
is delivered to the frame memory 6 and the image signal processing block 7. 

The frame memory 6 is a SDRAM (Synchronous Dynamic Random Access 
Memory) having a predetermined capacity, and is adapted so that digital video 
signals delivered through the bus switch 5 from the A/D converter 4 are stored 
therein. The digital video signals stored in the frame memory 6 are video signals 
for performing complementary processing for charge storage time period in 
performing long time exposure, i.e., for a time period during which there is no 
read-out operation of charges from the respective CCDs la, lb, Ic. 

The image signal processing block 7 implements luminance signal 
processing, color signal processing, contour correction processing and encode 
processing to digital video signals delivered through the bus switch 5 from the A/D 
converter 4 or digital video signals for complementary processing which have been 
read out from the frame memory 6 to perform DA (digital to analog) conversion to 
output the analog signals thus obtained as analog luminance signal and 
chromaticity signal. 

The user interface 8 serves to input request from user, and comprises 
operation buttons for operating various functions of the image pickup apparatus 20, 
and a display unit such as LCD (Liquid Crystal Display), etc. For example, GUI 
(Graphic User Interface) which supports operations of various functions of the 
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image pick-up apparatus 20 is displayed on the LCD. Thus, user inputs image 
pick-up start command for starting image pick-up operation and/or image picknip 
stop command, etc. in accordance with the GUI. 

Moreover, it is possible to input, from the user interface 8, gain quantity 
with respect to video signal, which is adjusted at the above-described gain variable 
amplifier 3. 

Furthermore, it is also possible to input exposure time from the user 
interface 8 in the case where the image pick-up apparatus 20 performs long time 
exposure. User designates (instmcts), by the number of frames, charge storage time 
of charges stored at photo-diodes of the CCDs la, lb, Ic of the CCD type image 
pick-iip device 1 as exposure time inputted from the user interface 8. For example, 
since one frame is 1/30 sec, when the number of frames is assumed to be 3 (three), 
charge storage time becomes equal to 1/30 sec. ^ 3 = 1/10 sec. 

When the charge storage time is designated (instructed) by user from the 
user interface 8, the operation mode of the image picknip apparatus 20 is switched 
into long time exposure mode. 

The CPU9 is a control unit for supervisorily controlling the image pickup 
apparatus 20. The CPU9 controls operations of various ftinctions of the image 
pickup apparatus 20 in accordance with command inputted from the user interface 
8. 

The CPU9 delivers a gain control signal to the gain variable amplifier 3 in 
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conspicuous. Accordingly, the second mode becomes effective. 

Furthermore, the CPU9 outputs, to the timing generating circuit 10, a mode 
control signal which designates either the first mode or the second mode serving as 
mode where charges are read out from the CCDs la, lb, Ic in accordance with 
charge storage time inputted from the user interface 8. 

The CPU9 designates the mode where charges are read out from the CCDs 
la, lb, Ic in accordance with charge storage time by using, e.g., table as shown in 
FIG. 3. As shown in FIG. 3, in the case where the charge storage time is 
relatively short time corresponding to 1 (one) frame, 2 (two) frames, 4 (four) 
frames or 8 (eight) frames, the CPU9 designates the first mode. In the case where 
charge storage time is long time corresponding to 16 frames, 32 frames or 64 
frames, the CPU9 designates the second mode.. In the second mode, since charges 
of odd lines and charges of even lines of the CCDs la, lb, Ic are added so that 
digital video signals of even field and odd field are provided, in the case where the 
same charge storage time as that of the fu-st mode is set, the sensitivity becomes 
double. 

In view of the above, since it is considered that in the case where charge 
storage time is reduced, user does not so desire to require sensitivity, the CPU9 
designates the first mode where sensitivity is lower than that in the second mode, 
but vertical resolution is high. In addition, since it is considered that in the case 
where charge storage time is elongated, user desires image of high sensitivity, the 
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accordance with gain quantity inputted from the user interface 8 to conduct a 
control so as to adjust gain of video signals outputted from the CDSs 2a, 2h, 2c. 
Moreover, the CPU9 outputs, to the timing generating circuit 10, a mode control 
signal for designating either the first mode or the second mode which is mode 
where charges are read out from the CCDs la, lb, Ic in accordance with gain 
quantity inputted from the user interface 8. 

The CPU9 designates mode where charges are read out from the CCDs la, 
lb, Ic in accordance with the gain quantity by using, e.g., table as shown in FIG. 2. 
As shown in FIG, 2, in the case where gain quantity is the order of low gain such as 
0 dB, 6 dB or 12 dB, the CPU9 designates the first mode. In the case where gain 
quantity is the order of high gain such as 18 dB, 24 dB or 30 dB, the CPU9 
designates the second mode. 

This is because since it is considered that the fact that low gain is 
designated implies that object has sufficient brightness so that he desires image of 
high picture quality, the first mode having high vertical resolution is designated. 

Moreover, since it is considered that the fact that high gain is designated 
implies that brightness of object is insufficient so that user desires to pick up image 
of object by any means even if noise is included to a little degree, the second mode 
where the vertical resolution is low, but image pick-up operation can be made at a 
high sensitivity is designated. In addition, when high gain is provided, since 
noises becomes many, even if the vertical resolution is deteriorated, it is not so 
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CPU9 designates the second mode where vertical resolution is low, but image 
pick-up operation can be made at a high sensitivity. 

Moreover, the CPU9 not only performs designation of the first mode or the 
second mode corresponding to gain quantity, and designation of the first mode or 
the second mode corresponding to charge storage time by itself as described above, 
but also performs designation of the first mode or the second mode with gain 
quantity and charge storage time being as parameter as shown in FIG. 4, for 
example. 

As shown in FIG. 4, trend in which the first mode and the second mode are 
designated is in conformity with FIGS. 2 and 3, wherein there is designated the 
second mode where according as gain quantity is increased, high sensitivity can be 
obtained, and there is designated the second mode where according as charge 
storage time is increased, high sensitivity can be obtained. 

Meanwhile, in general, in the case where charges are stored into CCD for a 
long time, the influence by dark current becomes large, but there are many cases 
where influence of dark current of odd lines and that of even lines of 
two-dimensionally arranged photo-detectors that the CCD has are different from 
each other. This results from the structure of the CCD, etc. When influence of 
dark current at odd lines and that at even lines are different from each other, dark 
levels of video signals determined by charges which have been read out from 
respective lines also greatly differ from each other. Accordingly, in the case 
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where such charges stored for a long time in the CCD are read out in the first mode, 
image very difficult to see is outputted by sudden change of the dark level. It is 
known that such a phenomenon becomes more conspicuous when gain quantity is 
increased. 

Accordingly, when switching between the first mode and the second mode 
is performed by the gain quantity and the charge storage time as shown in FIG. 4, 
this approach can also cope with the problems taking place by the characteristic 
from such a structural point of view of CCD thus to have ability to acquire more 
fine image having optimum sensitivity. 

It is to be noted that values shown in FIGS. 2, 3 and 4 are all examples, and 
may be also entirely different values except that there results the trend in which the 
second mode is designated by the CPU9 followed by increase of the gain quantity 
and increase of the charge storage time and the present invention is not limited by 
values shown in FIGS. 2, 3 and 4. 

The timing generating circuit 10 generates read out pulse signals (CCD 
read out pulses) for controlling read-out timings of charges stored in the CCDs la, 
lb, Ic in accordance with mode control signal outputted from the CPU9 to deliver 
the read-out pulse signals to the CCDs la, lb, Ic. 

A vertical drive pulse <|)V and a horizontal drive pulse <J)H for taking out 
charges stored at two-<iimensionally arranged photo-detectors of the CCDs la, lb, 
Ic by performing vertical transfer and horizontal transfer are also delivered from 
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the timing generating circuit 10. 

Moreover, at the image pick-up apparatus 20, in the case where there 
results long time exposure mode where long time exposure is performed, the timing 
generating circuit 10 generates a read-out mask signal (Readout_Mask) for 
switching the switch 11 so that read-out pulse signal is not delivered to the CCDs 
la, lb, Ic in order to store charges by the time designated from user at 
photo-detectors of the CCDs la, lb, Ic in accordance with a mode control signal 
outputted from the CPU9. 

Further, in the long time exposure mode, the timing generating circuit 10 
performs control of ON/OFF of the bus switch 5, and control for writing digital 
video signal into the frame memory 6 and for reading out digital video signal which 
has been written therein. 

Such image pick-up apparatus 20 switches read-out mode of charges stored 
in the CCDs la, lb, Ic from the first mode where image having high vertical 
resolution is obtained to the second mode where image having high sensitivity is 
obtained in accordance with increase of gain quantity and increase of charge 
storage time (exposure time) by control of the CPU9. 

Subsequently, the operation of the image pick-up apparatus 20 in the case 
where the first mode serving as the mode where frame read-out operation is 
performed is designated by the CPU9 in the long time exposure mode, and the 
operation of the image pick-up apparatus 20 in the case where the second mode 
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serving as mode where field read-out operation is performed is designated by the 
CPU9 similarly in the long time exposure mode will be explained by using the 
timing charts shown in FIGS. 5 and 8. 

First, the operation of the image pickup apparatus 20 in the case where the 
first mode is designated will be explained by using the timing charts shown in 
FIGS. 5 A to 51, It is to be noted that storage time of charges stored (accumulated) 
in the CCDs la, lb, Ic is set to storage time corresponding to 3 (three) frames. 

A frame synchronizing signal shown in FIG. 5A is a signal indicating start 
of frame, and a field 1/2 discrimination signal shown in FIG. 5B is a pulse signal 
indicating odd field at present at Low time period of the pulse signal and indicating 
even field at present at High time period thereof The CCD operation mode 
shown in FIG. 5C indicates what operation the CCDs la, lb, Ic perform at present. 

A read-out mask signal shown in FIG. 5D indicates a signal outputted from 
the timing generating circuit 10 to the switch 11, and read-out pulse signals of 
FIGS. 5E and 5F are signals outputted from the timing generating circuit 10 to the 
CCDs la, lb, Ic through the switch 11 and for designating read-out timing of 
stored charges. A read-out signal shown in FIG. 5E is a signal delivered for the 
purpose of reading out charges from photo-diodes of even lines of the CCD la, lb, 
Ic, and a read-out signal shown in FIG. 5F is a signal delivered for the purpose of 
reading out charges from photo-diodes of odd lines. 

FIG. 5G shows image of a video signal by charges which have been read 
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out from the CCDs la, lb, Ic. FIG. 5H shows the operating state of the frame 
memory 6, and FIG. 51 shows image of a video signal inputted to the image signal 
processing block 7. 

As shown in FIGS. 5E, 5F, there is outputted, from the timing generating 
circuit 10, a read-out signal for reading out odd lines of photo-diodes of the CCDs 
la, lb, Ic at odd field time period, and for reading out even lines of photo-diodes of 
the CCDs la, lb, Ic at even field time period. 

In this example, portions indicated as dotted lines in FIGS. 5E and 5F 
indicate phase of read-out pulse signal which might be outputted in the case where 
the read-out pulse signal is not masked by the readout mask signal. 

Moreover, as shown in HG. 5D, the timing generating circuit 10 outputs a 
read-out mask signal so that the read-out signal becomes valid once every three 
frames. The read-out mask signal outputted from the timing generating circuit 10 
is delivered to the switch 1 1 thus to apply hmitation so that read-out signal is not 
delivered to the CCDs la, lb, Ic at High time period. 

Thus, at the Low time period of the read-out mask signal, a read-out signal 
is delivered to the CCDs la, lb, Ic through the switch 11. Thus, as shown in FIG. 
5G, video signals by charges stored at odd lines and video signals by charges stored 
at even lines are respectively read out every three frames. 

Further, the timing generating circuit 10 controls the bus switch 5 at Low 
time period of the read-out mask signal to turn the bus switch 5 ON to further 
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output a signal which permits write operation of a video signal (write enable signal) 
into the frame memory 6 as shown in FIG. 5H. 

Video signals which have been read out from the CCDs la, lb, Ic are 
delivered to the frame memory 6 and the image signal processing block 7 as shown 
in FIG. 51 through the CDS 2, the gain variable amplifier 3, the A/D converter 4 
and the switch 5. 

The state of the image pick-^p apparatus 20 at Low time period of the 
read-out mask signal is shown in FIG. 6. At Low time period of the read-out 
mask signal, a read-out pulse signal is delivered from the timing generating circuit 
10 to the CCDs la, lb, Ic through the switch 11. As a result, the bus switch 5 is 
also turned ON. Thus, the write enable signal is delivered from the timing 
generating circuit 10 to the frame memory 6. 

On the other hand, at High time period of the read-out mask signal, the 
timing generating circuit 10 controls the bus switch 5 to turn the bus switch 5 OFF 
to further output a signal which permits read-out operation of a video signal (read 
enable signal) stored in the frame memory 6 as shown in FIG. 5H. 

Thus, delivery from the A/D converter 4 to the image signal processing 
block 7 is interrupted. As a result, video signals stored in the frame memory 6 are 
read out, and are delivered to the image signal processing block 7. 

The state of the image pick-up apparatus 20 at High time period of read-out 
mask signal is shown in FIG. 7. At the High time period of the read-out mask 
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signal, read-out pulse signal from the timing generating circuit 10 is not delivered 
to the CCDs la, lb, Ic. As a result, the bus switch 5 is also turned OFF. Thus, the 
read enable signal is delivered from the timing generating circuit 10 to the frame 
memory 6. 

In a manner as stated above, by control of the timing generating circuit 10, 
video signals by charges which have been read out respectively every three frames 
from odd lines and even lines of the CCDs la, lb, Ic in which charges 
corresponding to three frames are stored are delivered to the image processing 
block 7, and the same video signals are delivered at the remaining two frames from 
the frame memory 6 so that they are should be complemented. 

Then, the operation of the image pickup apparatus 20 in the case where the 
second mode is designated will be explained by using the timing charts shown in 
FIGS. 8 A to 81. In this example, storage time of charges stored in the CCDs la, lb, 
Ic is set to storage time corresponding three frames (= six fields). Since the 
explanation of signals shown in FIGS. 8 A to 81 corresponds to the explanation of 
FIGS. 5 A to 51, the detail thereof will be omitted. 

As shown in FIGS. 8E and 8F, there is outputted, from the timing 
generating circuit 10, a readout signal for reading out odd lines of photo-diodes of 
the CCDs la, lb, Ic at the odd field time period, and for reading out even lines of 
photo-diodes of the CCDs la, lb, Ic similarly at the odd field time period. 

In this example, portions indicated as dotted lines in FIGS. 8E and 8F 
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indicate phases of read-out pulse signal which might be outputted in the case where 
the read-out pulse signal is not masked by the read-out mask signal. 

Moreover, as shown in FIG. 8D, the timing generating circuit 10 outputs a 
read-out mask signal so that the read-out signal becomes valid once every six fields. 
The read-out mask signal outputted from the timing generating circuit 10 is 
delivered to the switch 11 to apply limitation so that read-out signal is not delivered 
to the CCDs la, lb, Ic at High time period. 

Thus, a readout signal is delivered through the switch 11 to the CCDs la, 
lb, Ic at Low time period of the read-out mask signal. As shown in FIG. 8G, 
video signals by charges stored at odd line and video signals by charges stored at 
even lines are read out every six fields and are added. 

Moreover, the timing generating circuit 10 controls the bus switch 5 at Low 
time period of the read-out mask signal to turn the bus switch 5 ON to further 
output a signal which permits write operation of video signal (write enable signal) 
into the frame memory 6 as shown in FIG. 8H. 

The video signals which have been read out from the CCDs la, lb, Ic are 
delivered to the frame memory 6 and the image signal processing block 7 as shown 
in FIG. 81 through the CDS2, the gain variable amplifier 3, the A/D converter 4 and 
the switch 5. 

The state of the image pick-up apparatus 20 at Low time period of the 
read-out mask signal is shown in FIG. 6. At the Low time period of the read-out 
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mask signal, a read-out pulse signal is delivered from the timing generating circuit 
10 to the CCDs la, lb, Ic through the switch 11. As a result, the bus switch 5 is 
also turned ON. Thus, the write enable signal is delivered from the timing 
generating circuit 10 to the frame memory 6. 

On the other hand, at High time period of the read-out mask signal, the 
timing generating circuit 10 controls the bus switch 5 to turn the bus switch 5 OFF 
to further output a signal which permits read-out operation of a video signal (read 
enable signal) stored in the frame memory 6 as shown in FIG. 8H. 

Thus, delivery from the A/D converter 4 to the image signal processing 
block 7 is interrupted. Thus, the video signals stored in the frame memory 6 are 
read out, and are delivered to the image signal processing block 7. 

The state of the image pickup apparatus 20 at High time period of the 
read-out mask signal is shown in FIG. 7. At High time period of the read-out 
mask signal, read-out pulse signals from the timing generating circuit 10 are not 
delivered to the CCDs la, lb, Ic. As a result, the bus switch 5 is also turned OFF. 
Thus, the read enable signal is delivered from the timing generating circuit 10 to 
the frame memory 6. 

In a manner as stated above, by control of the timing generating circuit 10, 
video signals by charges which have been read out and have been added every six 
fields from odd lines and even lines of the CCDs la, lb, Ic where charges 
corresponding three frames (= six fields) are stored are delivered to the image 
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processing block 7, and the same video signals are delivered from the frame 
memory 6 at the remaining five fields so that they should be complemented. 

In a manner as stated above, in the long time exposure mode, the image 
pick-up apparatus 20 can read out charges stored in the CCD la, lb, Ic in the first 
mode or the second mode. 

It is to be noted that while adjustment of gain quantity is controlled by the 
gain variable amplifier 3 in accordance with gain quantity inputted from the user 
interface 8 by user in the image pick-up apparatus 20 according to the present 
invention, AGC (Auto Gain Controller) may be provided in place of gain variable 
amplifier 3 to thereby adjust gain in dependency upon the photographic (image 
pick-up) condition, etc. The CPU9 outputs a mode control signal to the timing 
generating circuit 10 so that in the case where gain quantity adjusted by AGC is 
low, the first mode is designated, while in the case where gain quantity is high, the 
second mode is designated. ^ 

Furthermore, while designation of the first mode and the second mode in 
the image pick-up apparatus 20 according to the present invention is automatically 
performed by the policy prescribed by, e.g., the tables shown in FIGS. 2, 3 and 4 
which are set at the CPU9 on the basis of gain quantity and charge storage time 
which are inputted from the user interface 8, user may directly designate the first 
mode or the second mode from the user interface 8. 

It is to be noted that while the present invention has been described in 
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accordance with certain preferred embodiments illustrated in the accompanying 
drawings and described in the above description in detail, it should be understood 
by those ordinarily skilled in the art that the invention is not limited to 
embodiments, but various modifications, alternative constructions or equivalents 
can be implemented without departing from the scope and spirit of the present 
invention as set forth by appended claims. 

Industrial Applicability 

As described above, in the present invention, image pick-up operation is 
performed in such a manner to perform switching into the first mode serving as 
image pick-^p mode where charges stored in the solid-state image picknip device 
are read out every frames in accordance with image pick-up request at low output 
sensitivity, and to perform switching into the second mode serving as image 
pick-up mode where charges stored in the solid-state image pick-up device are read 
out every fields in accordance with image pickup request at high output sensitivity 
to add odd charges and even charges which are adjacent in a vertical direction of 
the charges which have been read out while changing the combination thereof 
every fields to output the charges thus added. Accordingly, it becomes possible to 
pick up image of object so that there results optimum image at output sensitivity 
that user desires. 

For example, in the case where the gain of image pick-up signal is 
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increased because light quantity of object is insufficient, switching into the second 
mode is performed. In the second mode, since the charge storage time by which 
there results the same sensitivity can be halved as compared to the first mode, it 
becomes possible to acquire image which also satisfies required output sensitivity 
while suppressing movement or vibration of moving object. 

Moreover, in the case where there is no necessity to particularly increase 
sensitivity because light quantity of object is sufficient, switching into the first 
mode is performed, thereby making it possible to acquire image of high picture 
quality having vertical resolution higher than that in the case where image pick-up 
operation is performed in the second mode. 

Furthermore, in the case where charge storage time during which charges 
are stored in the solid-state image pickup device is increased to increase output 
sensitivity, switching into the second mode is performed, thereby making it 
possible to obtain double output sensitivity in the same charge storage time as that 
in the first mode, i.e., to halve the charge storage time. Accordingly, deterioration 
of the picture quality by movement or vibration of moving object is optically 
adjusted, thereby making it possible to acquire image of required output sensitivity 
while minimizing such deterioration. 



